Two thiostannates [Co(dien) 2 ](H 2 dien)Sn 2 S 6 (1) (dien = diethylenetriamine) and [Zn(tren)] 2 Sn 2 S 6 (2) (tren = tris(2-aminoethyl)amine) were prepared under solvothermal conditions and structurally characterized. Both 1 and 2 contain dinuclear [Sn 2 S 6 ] 4− anions built from two SnS 4 tetrahedra sharing a common edge. 
Introduction
Chalcogenidostannates ([Sn x Q y ] n− , Q = S, Se, and Te) have been a research field with rapid expansion in the past decades, mainly because of their rich structural chemistry and potential applications in nonoxygen molecular sieves, semiconductors, and photoluminescent or magnetic materials [1] . Following the demonstration by Bedard and coworkers in 1989 that template-directed synthesis can be applied to effect the crystallization of thio-and selenidometalates [2] , a number of chalcogenidostannates have been synthesized by using organic amines as templates or structure-directing agents under hydro(solvo)thermal conditions [3] . Different organic amines can induce the same structure, but can also lead to different structures, which are related to the framework and the templating molecules. For instance, 2D-layered anions with compositions [Sn 3 S 7 ] 2− (denoted as SnS-1) and [Sn 4 S 9 ] 2− (denoted as SnS-2) were obtained in the presence of tetraalkylammonium hydroxides. The charge-balancing cations for SnS-1 are tetramethylammonium [4] , tetraethylammonium [5] , and protonated 1,8-diazabicyclooctane [5] , while the cations for SnS-1 are tetrapropylammonium [5] and tetrabutylammonium [5] . When organic amines or transition metal complex cations were used instead of tetraalkyl-0932-0776 / 10 / 1000-1229 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com ammonium hydroxides, the dinuclear [Sn 2 S 6 ] 4− anion was obtained, as exemplified by (chaH) 4 Sn 2 S 6 (cha = cyclohexylamine) [6] , (ddaH) 4 (2) . Compound 1 is the only example of a thiostannate combined with two different cations.
Results and Discussion
[Co(dien) 2 ](H 2 dien)Sn 2 S 6 (1) crystallizes in the centrosymmetric space group C2/c with four formula units in the unit cell. The structure of 1 is com- 4 ] tetrahedra. The Sn-S b bond lengths (b = bridging bond) are longer than the terminal Sn-S t distances (t = terminal bond). The S-Sn-S angles in the range from 93.33(3) to 113.65 (4) • deviate from the ideal value of 109.5 • for a tetrahedron, but all parameters are in the range reported in the literature for related system [6 -10] .
In general, M 2+ ions (M = transition metal) can be coordinated by six N atoms of two tridentate dien ligands in a distorted octahedral environment. The [M(dien) 2 ] 2+ cations can have s-fac-, ufac-and mer-configuration [11] . The [Co(dien) 2 ] 2+ ion in 1 is in a u-fac conformation (Fig. 2a) [12] . The distortion of the octahedral environment of the [Co(dien) 2 ] 2+ ion in 1 can [Sn 2 S 6 ] 4− anion (Fig. 5) [6 -10] , but the slightly elongated Sn1-S3 distance (2.349(2)Å) shows the influence of the coordination of the S3 atom to the Zn 2+ ion.
The S atoms of [Zn(tren)] 2 Sn 2 S 6 are involved in N-H···S hydrogen bonding with adjacent ions result- ing in a 2D extended layer structure parallel to the (001) plane (Fig. 6) . The H··· S distances are ranging from 2.55 to 2.97Å and the N-H···S angles vary from 119.2 to 166.1 • , which is in accordance with the values reported in the literature [6 -10] . These layers are stacked along the c axis in an -ABA-sequence (Fig. 7) . The layer separation is about 12.15Å, calculated as the shortest S2 to S2 distance between the layers. It is noteworthy that organic amines as structure-directing agents in previously reported cases are accommodated in voids of the structures where they often interact with the inorganic framework by hydrogen bonds [16] , while the tren amines in 2 only decorate both sides of the layers.
The 2 ] 2+ ions in the fundamental unit, and the anions display two different orientations and are arranged alternately along the c axis (Fig. 8a) . Although the conformation of the [Co(dien) 2 ] 2+ ion in 1 is the same as that of the [Mn(dien) 2 ] 2+ ion, the anions with identical orientation in 1 are arranged in a rod-like manner along the b and c axis (Fig. 8b) , which could be due to one protonated H 2 dien ion instead of one [Mn(dien) 2 ] 2+ ion. The [Ni(dien) 2 ] 2+ ion in the latter displays a different configuration (s-fac) (Fig. 2b) the a and c axis, respectively (Fig. 8c) These rods are arranged in a pseudo-layer fashion within the (001) plane. The pseudo-layers with different orientations are further stacked in ABA fashion along the c axis (Fig. 8d) . Clearly, the different cations have a significant effect on the packing of the [Sn 2 S 6 ] 4− anions. The UV/Vis absorption spectrum of 2 ( Fig. 9a) was calculated from the diffuse reflectance data by using the Kubelka-Munk function [17] . The colorless crystals of 2 do not show any UV/Vis absorption below 3.00 eV, suggesting that 2 could be used for optical window applications. The optical band gaps (E onset ) obtained by extrapolation of the linear portion of the absorption edges are estimated to be 3.12 eV, which can be assigned to the lowest possible electronic excitation of the anion. This value is to be compared with that of the thiostannate [Na 10 [18] , which exhibits the properties of a wide-band-gap semiconductor. The luminescence spectrum of 2 excited with light above the band gap of 3.76 eV (330 nm) shows emission bands at 409, 452, and 469 nm (Fig. 9b ).
Experimental Section
General: All analytically pure starting materials were purchased and used without additional purification. FT-IR spectra were recorded with a Nicolet Magna-IR 550 spectrometer from dry KBr pellets. Elemental analysis was carried out on an EA-1110 elemental analyzer. Fluorescence spectral analyses were performed using a Cary Eclips fluorescence spectrometer. The UV/Vis spectra were recorded at room temperature using a computer-controlled PE Lambda 900 UV/Vis spectrometer equipped with an integrating sphere in the wavelength range of 190 -2000 nm.
Synthesis of [Co(dien) 2 ](H 2 dien)Sn 2 S 6 (1)
[Co(dien) 2 ](H 2 dien)Sn 2 S 6 (1) was synthesized hydrothermally in a 23-mL Teflon-lined autoclave by heating 
X-Ray structure determination
Data collections were performed on a Rigaku Mercury CCD diffractometer with graphite-monochromatized MoKα radiation (λ = 0.71073Å) at 293(2) K with a maximum 2θ value of 50.20 • . The intensities were corrected for Lorentz and polarization effects. The structures were solved with Direct Methods using SHELXS-97 [19] , and the refinement was performed against F 2 using SHELXL-97 [20] . All nonhydrogen atoms were refined anisotropically. The C4 and H4c atoms were disordered over two positions with occupation factors of 0.5 and 0.5. The H atoms on N4, N5, C5, and C6 atoms were located in a difference map and refined, while other H atoms were positioned with idealized geometry and refined with fixed isotropic displacement parameters. Relevant crystal data collection and refinement results can be found in Table 1 . Selected bond lengths and angles for compounds 1 -2 are listed in Table 2 . Hydrogen bonds for 1 and 2 are listed in Table 3 and Table 4 , respectively.
CCDC 780652 (1) and 780653 (2) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/data request/ cif.
